In Nepal, many rural households need access to public forest resources to complement private resources for food and livestock production. However, current forest policies are largely directed at Environmental protection. The first part of this study identified the effect of current forest policy on livestock production using survey data from 259 households in three Nepal hill districts. The second part used a forestry-agriculture integrated model to examine alternative land use policies that could increase household livestock holdings and income while maintaining the environmental services of the community forest. The results show that current forest policies contributed to reductions in potential household livestock holdings by 34% for goats, 30% for cattle and 27% for buffalo. This exacerbated problems of farm fertility and food shortages in vulnerable and poor households. Modeling of alternative policy scenarios indicates that livestock holdings and income could both be increased for most households in communities practicing agroforestry while still maintaining environmental protection. The increase could be highest for the poorest households. Finally, the article discusses potential implications of new environmental policies on local food security and sustainability in the country.
INTRODUCTION
Livestock play an important role in local food security in developing countries. In addition to providing food directly in the form of milk and meat, livestock also provide important services such as power for ploughing and food transportation (Mahat et al., 1987) . Farm manures are often the sole means of soil fertilization in areas that are remote from roads, and where farmers are unable to afford fertilizer (Pilbeam et al., 2000; Paudel, 1992; NPC, 2003) . Livestock are often the main source of income to purchase market goods including food, and they provide a means of farming business diversification and a hedge against risk (Fafchamps and Shilpi, 2003) . Livestock generally contribute a greater share of total household income for poorer households compared to richer ones. Overall, livestock provide a hedge against starvation and extreme poverty, particularly for isolated mountain communities (Riethmuller, 2003) .
Public forests have special importance for livestock farming and livelihoods for mountain people in Nepal. Historically, land areas demanding less labor for terracing and suitable for crop production were privatized. Less productive and environmentally sensitive lands were managed as public or communal property for production of multiple products and services (firewood, fodder, pasture, timber, leaf litter, and other non-timber products). As a result, almost all Nepali farmers have no private pastureland. Instead, the farmers graze livestock in forests, or tree limbs are lopped during seasons of animal feed deficits (Graner, 1997; Ives and Messerli, 1989) . In addition, about 10 percent of Nepal's land area is alpine pasture. Farmers in high mountain region feed livestock on alpine pasture during the summer season and, move the animal to lower hill forests during the winter (Bhatta, 2002; Graner, 1997; Metz, 1994; Mahat et al., 1987) . The mobile herds would contribute to farm fertilization during the winter season. With this system, households with marginal landholdings were able to manage their livestock and maintain food 4 mitigation as directed by -Sustainable Forestry‖ in Agenda 21. The policy has dictated compulsory forest inventories and limited forest harvesting to less than 30% of mean annual increment (MAI) for slow growing species and 60% of MAI for fast growing species 3 (Community Forestry Inventory Guidelines, 2000) . A number of studies have shown that community forestry policies have been successful in Nepal, including controlling the misuse of public forests, restoration of forest cover and protection of some conservation species (Shrestha et al., 2010; Adhikari et al., 2007; Gautam et al., 2002) . The policy increased forest crown cover but has suppressed understory growth of valuable plants used for fodder.
In practice though, the community forestry approach has had undesirable effects on incomes and poverty alleviation. Moreover, a number of studies have reported that a policy focus on environmental protection has led to an overstock and underutilization of community forest resources (Khanal, 2002; Gautam et al., 2002) . There have also been problems in terms of social and economic development (Dhakal and Bhatta 2009; Thoms, 2008) .
One particular effect of the environmental focus of forest policies is on local food security and livelihoods where there are livestock-based food systems as in Nepal. The present situation is that average private landholdings are less than 0.8 hectares per household. The bottom 47% of land-owning households have a land area of 0.5 hectares or less, and 29% of farming households are landless (CBS, 2003; UNDP, 2005) . More than 60% of farming households have a food deficit from their own land (CBS, 2003) . Reduced subsidies and rising prices have severely reduced the use of fertilizer (SDC-Helvetas, 2009; CBS, 2008; NRB, 2004; World Bank, 2004) .
Imported livestock has been growing as illustrated in Appendix Table A1 for the period 1987/88 to 2002/3. Local food security issues have beenincreasing and starvation problems have become worse in remote districts (FAO, 2008; Gautam, 2009) where the livestock economy and transhumance practices have been severely affected by the conservation policies (Bhatta,2002) .
The incidence of epidemic diseases and deaths 4 among poor and malnourished people has increased in institutionally disadvantaged food deficit areas in recent years (Gautam, 2009 ). In the process of the Tenth National Plan preparation, farmers who suffered from the conservation policies demanded access to forestland grazing and fodder production (NPC, 2003) . Instead of responding to the demands of farmers, the government has followed even more stringent environmental policies. For example, Nepal has been selected to participate in the first phase of the Reduced Emissions from Deforestation and Forest Degradation (REDD) project. Protected area increased from 7% in 1988 7% in to 20% in 2008 7% in (CBS, 2008 Master plan, 1988) and included many forests used by communities (Muller-Böker and Kolmar, 2000) . At the Climate Change The impact of tradeoffs between environmental conservation policies and community use of forests is potentially more critical where farm animals are the engine of rural economies and livelihoods. The severity of recently introduced environmental policies and programs on food security and livelihoods is not well understood. While a number of studies have attempted to study the impact of forest policy on food security, these studies often limit their scope to an assessment of impacts on household livestock holdings (Adhikari et al., 2007; Dhakal et al., 6 2005; Richards et al., 2003; Fox, 1993) . From a development policy prospective the more important question is whether it is possible to reconcile conservation objectives and food security and income needs through alternative policies for community-based resource management. Analysis of this broader question requires a framework that can incorporate the interaction of community forest resources with local economies, and the effect of national forest policies on community forest management.
One framework for studying the effect of alternative forestry policies on household income and food security is a community welfare maximization model. A few studies have attempted to use income maximization to study livestock-based households in Nepal; however, those studies were based on the current policy of reducing use of forests and the subsequent availability of forage resources (Das and Shivakoti, 2006; Hjortso et al., 2006; Thapa and Poudel, 2000) . In addition, these studies did not analyze community forests as a common property resource. The purpose of this study is to overcome these gaps by developing a model of community welfare maximization that incorporates common property resource allocation decisions and different policy constraints on forest use and household livestock holdings.
The organization of the paper is as follows. A community economic model that integrates agriculture, forestry and household economic heterogeneity factors is used to analyze policy for managing public forest. Such models are rare in the research literature. A subsequent section describes the analytical model. The study used both survey and secondary sources of data. Data and collection methods are explained before the results section. This study developed and used a problem-specific model to evaluate current and alternative policies. This study examined the impact of current forest policy on household livestock holdings and evaluated alternative policies to enhance food security and livelihoods. The results are presented in three parts: model validation, effects of forest policies and alternative policies. Some of the results require discussion before drawing conclusions and policy implications.
METHODS

An Economic Model of Community-Based Management
In Nepal typical rural households depend on the resources and opportunities available from their own farms, markets (for buying or selling farm inputs, outputs and labor force) and common property resources (Amacher et al., 1993; Mahat et al., 1987; Adhikari et al., 2004) . Households make production and consumption decisions based on the opportunity costs of labor and land resources. Public forest resources complement private resources or substitute for goods produced on private land, while goods in short supply can be purchased from markets. The extent of access to public forest resources is dependent on government policies. The economy of a rural community is composed of an aggregation of member households and common resources. In this context, the community forestry management issue is essentially a resource allocation problem, and different policy scenarios can be analyzed using a linear programming model. The focus of this paper is on the effects of policies rather than the programming model, and therefore, only the objective function and constraints are outlined here. Details regarding the household and community forest models can be found in Appendix 2.
In the model the community is structured as Z different income or ‗well-being' groups with N households in each group. In subsistence farming communities land is the most important means of income, and self-sufficiency is an important determinant of household well-being. For modelling simplification, the community households are grouped into three income groups, rich (R), medium (M), and poor (P), based on sufficiency of household income from private 8 landholdings to meet basic needs 5 . In this study, poor households are defined as having insufficient private land to meet basic needs, medium households as having sufficient land to meet basic needs, and rich households as having a surplus of land to meet basic needs. The relationship between the private landholdings of rich (apR), medium (apM) and poor (apP) households is:
For modelling purposes, each income group is assumed to have the same landholding. The community forest is treated as another income group. It can use its resources (the community forest) to produce goods for sale (to community members or externally), or it can lease land to individuals to make their own production decisions over a particular area. Its labor endowment is the sum of the compulsory labor contribution from individual community households. With this structure, total community income (Y) is the sum of household incomes (yzn) and the community forest income (yc).
The community objective is the maximization of community income subject to constraints on area, labor availability, employment opportunities, the need to meet basic food, heating and housing requirements, a restriction against making individual households worse off to maximize community income and government policies on community forest use. The objective function can be written as, 5 Key informants from the survey communities were asked to categorize households on a poverty scale. They used two main criteria: production of food from private land and annual household cash income Members of most households engaged in lowpaid off-farm work within the country and overseas. Key informants said that the savings generated from off-farm work were notably less than the savings generated from farmwork at home. In the survey, community household incomes were strongly correlated with landholding size. Therefore, we classified the households based on food sufficiency from their own land. However, off-farm income was included in the model when calculating total household income. Other studies have also followed the criteria of landholding size to classify households (Gilbert and Banik, 2010) .
The term Xj is a vector of decision variables, Caj is a coefficient matrix of decision variables for private endowments and Ccj is a coefficient matrix of decision variables for community forest endowments. The term G is the forest policy determined weight of community resources contributing to the production function of household n of income group z. This shows that the contribution of community forest to community income differs with government policy. The objective function is subject to the following constraints. The total amount of private land type k used in production system t by n households in z income groups cannot exceed the total amount of private land available (ap). This condition permits share cropping or rental arrangements.
Similarly, the total amount of community land used cannot exceed the total amount of community land type available in the (ac). 
Government policy constraints are of two types. One type of policy restricts the area of a particular land type k that can be used (G 1 k), and the other restricts the amount of harvest of an output (G 2 i). In either case, G is a proportion that takes a value between 0 and 1. 
1
Labor allocated by any household to their own farm (Lf), leisure days (L0), community forest activities (Lc), or outside employment (Lm) cannot exceed total labor available for that 10 household (L) plus hired labor (Lh). Employment opportunities are assumed to be limited to what is available in the community from farmers employing labor, so that total off-farm employment (Lmzn) cannot exceed local employment opportunities (Lhzn).
A household needs minimum amounts of particular outputs (di) to meet basic needs for food, heating (firewood) and housing (timber). There is also a restriction against making individual households worse off in terms of final income relative to initial income (y0 zn). A. Scenario A-Current Policy Current government community forest policy is used as the base case. The community forest is modelled as a separate production household in the community. In this case, community forest lands are allocated entirely to timber production (G 1 k = 1.0 for timber and G 1 k = 0.0 for all other land uses). The timber harvesting is constrained to an annual harvest of only 30% of MAI for hardwoods and mixed deciduous forests (G 2 i = 0.3), and 50 percent of MAI for pine forests (G 2 i = 0.5). Byproducts, including firewood produced from offcuts or residuals, and fodder harvested from understory species are produced for sale. The forest products are available at subsidised prices for members of the group and full price for others. The income of the community forest is modelled as a separate household as is current practice.
B. Scenario B-Unconstrained Community Use
The community forest is modelled as a separate production household in the community similar to the base case, but with no policy constraints on land allocation for any product or the level of harvest (G 1 k = 1.0 and G 2 i = 1.0). The land allocation for production of firewood, tree fodder or timber and their harvest is based on maximizing income through sales of outputs. As is common practice, community forest members can purchase community forest output at subsidized prices fixed to meet household needs, and surplus products are sold outside the community at market prices.
C. Scenario C-Unconstrained Lease
Similar to the Unconstrained Community case, there are no constraints on land use of the community forest for firewood, tree fodder or timber or the level of harvest. However, in this scenario the community forest can be leased to individual households under monitoring and regulation of the community forest user group. This scenario allows households with surplus labor to use community forests as if the land was under private management, effectively increasing the land available to a household. Surplus labor is calculated in terms of households using labor to work on their own private land resources first. The community earns a rental on the area leased to households, and earns income from products from the land remaining in community management. This model is different from the current leasehold forestry policy model found in Nepal.
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Although the alternative policies in B and C are notionally unconstrained, the objective is to maintain environmental benefits. Therefore, cereal production is constrained to private land, and the only unconstrained activities allowed on community forests are some combination of fodder, firewood and timber production based on agroforestry land use practices. Nepal has many species of high value fodder trees and sophisticated agroforestry technologies (Thorne et al., 1999; Ives and Messerli, 1989; Mahat et al., 1987) . There are a number of agroforestry systems that include livestock, but do not involve grazing. In some agroforestry models fodder trees are mixed with understory pasture grass species, and the cut and carry method is used for fodder supplies (Thorne et al., 1999; Paudel and Tiwari, 1992) . Studies have also shown that less intensive livestock grazing has little effect on soil erosion in the mountains (Gilmour et al., 1986 ). An additional benefit of the agroforestry system is that farmers can use the egesta of livestock mixed with soil to increase soil fertility instead of using chemical fertilizers (Pilbeam et al., 2000) . Before applying dung to the soil, some households also use it to produce bio-gas for household energy purposes (Hjortso et al., 2006) .
While one of the potential benefits of agroforestry is land stabilization and erosion control, this is not considered to be a major item in this paper. A number of studies have pointed out that natural disasters associated with rainfall, soil erosion and flooding are generally not associated with traditional land use practices and are the outcome of natural processes (geophysical movements and intense rains) that are beyond human control (Wobus et al., 2003; Gerrard and Gardner, 2002; Merz et al., 2006; Ives and Messerli, 1989) . The main environmental benefits of the agroforestry land use model are a contribution to biodiversity conservation, carbon sequestration and soil quality (Narain et al., 1997; Montagnini and Nair, 2004; McNeely and Schroth, 2006) . Therefore, local environmental services can be greater in agroforestry systems than the current forestry production model (few dominant species and a log production focus). It is assumed that forest user groups monitor mismanagement of forest resources in all policy scenarios. As such, the alternatives represent an unconstrained agroforestry alternative that maintains or enhances environmental benefits from forestry.
Data
This study uses information from household surveys, community forest user group (CFUG) surveys and secondary sources. The primary data for households was collected from six CFUGs in the Dolakha, Kavre and Nuwakot districts of the mid-hill region of Nepal. The first two districts are called ‗pioneer' districts for community forest programs in Nepal and are the most accessible districts for monitoring by donors and government agencies. The last district has a low intensity of external support similar to many other districts in the country. The particular CFUGs in each district were selected on the basis of representative forest condition, type of forage-gathering practices, age of the CFUG, forest size and level of access to district forest office services.
For the household survey households were randomly selected from household income group lists in each CFUG. Income grouping is a common practice for evaluating community forestry in Nepal. The grouping involves community people listing households who were considered to be poor, average (medium) and high (rich) income in their communities. A range of criteria are used for classifying income groups, however, the most common criterion is the level of food sufficiency for a household (consumption versus production of food). A total of 259 farming households were surveyed. The household survey was an interview with the female head of household. The female head of household was selected because male heads had a high frequency of seasonal migration out of the community for work, and generally provide less information about farm and forest resource conditions. The enumerators were trained in household survey techniques and had specific training for this survey.
14 The household survey consisted of a structured questionnaire that had been pre-tested.
Respondents were asked a range of questions, including their holding of all types of private lands (including sharecropping or leased land), their level of food sufficiency, family size, household labor, livestock holdings, and firewood and timber collection from community forests. Table 1 The respondents were also asked to report the number of livestock they were holding at the time of the survey and to recall the number of livestock they held before commencement of the community forestry program in their community. Households formed after the commencement of the community forestry program reported only the existing number of livestock. Since households keep different types of livestock that have different total digestible nutrient (TDN) requirements, feed requirements were estimated using a standardized livestock unit. One mature female buffalo, one cow, and one goat are 1.0, 0.7, and 0.2 livestock units respectively (Master Plan, 1988) . Two young (calf or kid) are calculated as an adult for each breed to standardize the feed estimation. Data common to all households, such as yields, prices or labor productivity, were collected from local market surveys, key informants, and secondary sources, including FAO (2004 FAO ( , 2003 , DOF (2000) , Master Plan (1988), Kayastha et al. (2001) , MacEvilly (2003), Paudel (1992) , and Paudel and Tiwari (1992) . The full list of references for secondary data sources can be provided upon request. For community forests, the study estimated fodder production in an agroforestry system that consists of fodder trees as the principal crop and grasses between the trees as a mixed crop. Fodder trees are predominantly used for fodder production and for many years. Therefore, the timber potential for production from fodder trees is not included in income maximization. However, firewood production available from the annual lopping for fodder is included. The residual from timber harvest is used as firewood. The outputs of the trees grown on private lands are added to the model as an intercrop component of the farming system. Fodder is an input for livestock production and also an intermediate product from fodder trees, grain by-products, biomass grown on terrace risers or bonds, and inter-tree grasses. Livestock produced manure can be substituted for fertilizer costs in crop production. 
RESULT
Effects of Current Community Forestry Policy on Livestock
This section presents the results of real changes of household livestock holdings with commencement of the community forestry policy. The respondents were asked to estimate their 16 livestock holdings before and after the formation of the CFUG. Figure 1 shows that average livestock holdings were reduced by about 30 percent after the CFUG was formed. The forest policy contributed to reductions in household livestock holdings by 34% for goats, 30% for cattle and 27% for buffalo. The largest reduction was for high income households followed by poor households, for all types of livestock. The reductions for the high income household group were 41, 40, and 32% for goat, buffalo, and cow, respectively. The reductions for the poor household income group were 36, 32, and 31% for goat, buffalo, and cow, respectively.
However, the percent impact on household income and food security could be higher for the poor household group than the rich household group. Interestingly, the number of buffalo increased in the medium household group. There could be many reasons for the variation in reduction of the number of livestock holdings between household groups. Due to greater on-farm production of livestock feed, the high income household group had the greatest number of animals before commencing the forestry protection program (Adhikari et al., 2007; Mahat et al., 1987) . During critical seasons when the high income household group faced a deficit in farm fodder, this household group had used forest fodder and pasture. The poor households had smaller private landholdings and a greater reliance on community forest lands across all seasons.
They usually keep goats and cows (Graner, 1997) . Those grazing and fodder supplies were not available when grazing was restricted and grass was suppressed by forest after commencing community forest protection (Adhikari et al., 2007; Dhakal et al., 2005) . As a result, the rich and poor household groups were affected the most.
Interestingly, the level of reduction in the user groups is related to forest characteristics which vary with conservation practices. Forest policy seems to be an obvious factor causing the reduction; however, there could be other contributing factors such as rural labor force dynamics.
In the study communities, the displacement of people associated with armed conflict was not notable at the survey time. Overseas migrations were also few. However, many young people migrated to urban areas seasonally. Here we also found variations in reductions between livestock types. Households generally feed goats and cows by grazing on forest fodder, and those animals have been affected the most by changes in community forest management.
National livestock statistics show that the reduction in the cattle population is accelerating (CBS, 2003) . Buffaloes generally are fed on farm-produced feed and cereals which could be the reason for this type to be least affected. The increase in buffalo numbers for the medium household group was most likely associated with increased access to roads and markets for milk and feed cereal in some study groups. The poor household group could not afford the market feed.
With an average decrease in livestock numbers of about 30%, there would be a 20 to 25% reduction in farm manure supplies after handing over the forests to the communities. In some groups the livestock numbers were reduced due to the forestry program in two phases: first, through government managed plantation and protection, and then, through strict protection after handing over the forest to a user group. This study examined the household livestock holding reduction after the forest was handed over to local communities. The reduction of livestock had occurred as forest plantation and protection started (Fox, 1993) . The livestock holding status before plantation could not be examined in this study. Therefore, the impact of community forestry is much higher than recorded here. The total impact is likely to be the highest for poor households, which are least able to purchase market-supplied fertilizer and food. In terms of welfare, the impact could be enormously higher for households at the margin of food security and for poor ones who already had insufficient resources for bare survival. The findings presented here regarding decreasing household livestock holdings with the commencement of forest conservation policies are similar to other studies (Adkikari et al., 2007; Bhatta, 2002; Fox, 1993) . Similar results are reported in other forest-based livestock farming countries like India and China (Cao et al., 2009; Hazari and Kumar, 2003) . These results (Figure 1 ) confirm the common perception that community forestry has had a negative impact on livestock holdings 18 and household incomes and set the stage for a study of alternative policies that can increase livestock holdings and incomes. 
Model Validation
The model developed to analyze the impacts of community forestry on household and community income was validated using mean absolute relative error measures (Buongiorno et al., 2003) . The error is the percentage difference between predicted and actual data.
where E is the mean absolute error of n number of observations, Pt is the predicted quantity of product t, and At is the actual quantity of product t. Table 2 shows the actual data, model predictions, and E for livestock units in each CFUG. The results of the actual average livestock holdings are consistent with Adhikari et al. (2004) who reported 2.02, 2.85, and 4.3 average livestock units for poor, medium, and rich household income groups, respectively. A negative value for E in Table 4 The model presented in this paper makes a simplifying assumption that limits employment opportunities to what is available in the community. However, in developing countries a high income household can invest more in human resource development and business than a poor one, and then become involved in high-income off-farm employment (Ellis and Freeman, 2004).
As such, another reason for the underestimation of high income household livestock units could be labor availability for keeping livestock. In cases where there is a family labor shortage it could be more profitable for a rich household to sell fodder to other households than to hire labor. This selling of fodder may lead to lower livestock holdings than the model prediction. The 20 validation result indicated that the findings need to be interpreted while accounting for these possible errors in the model.
The validity of the model to predict household food production was tested by comparing food production to the level of surplus or deficit based on the household food sufficiency category. Table 3 shows average household values for food production and a surplus or deficit for the household consumption requirement. Production used for seed is also modeled as consumption because most of the farmers use seeds from their own farm. The food production level of the poor household category in all user groups was lower than needed for household consumption.
The production levels of medium households are barely over the consumption requirement. The production levels of rich households are remarkably higher than needed for household consumption. The model predicted these results reasonably well within a small margin of error for most of the groups. One of the prediction errors is surplus production for medium household groups. The surplus was small and probably reflects a good harvest year and some error of estimation. Another notable error is a greater surplus of food production for medium income households than rich households in the Chapanigadi forest user group. The prediction error was due to the fact that the rich household group has an extremely large family size. The result of the validity test indicated that the model predicts reasonably well except for extreme cases. As a result of these validity tests, it is concluded that the model provides a reasonable characterization of the production and consumption system of a CFUG in Nepal. As such, the model will be useful in analyzing the effects of alternative policies affecting forest use and management. The results showed that the increases in livestock holding and household incomes are distinctly higher for poor households. The private landholdings of these households were insufficient to employ family labor and produce enough income for basic living. The underemployed labor utilized the community resources, and increased both livestock holdings and household income.
Alternative Forest Policies and Livestock Holdings
Livestock production also increased farm manure production and contributes to food production.
On the other hand, the labor from high income households was already absorbed in private land so that this household group could not reap much benefit from the community forestry policy changes.
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The results also showed that variations in the increase of livestock holdings and household incomes among forest user groups were associated with many factors such as forest species type, family labor force, private land and forest sizes. For example, the impact of policy constraints was high for hardwood forest. As a result, the lower number of livestock units reported in the base case of Bashkhaka is associated with more area of broad leaf forest.
The relaxation of policy constraints increased household livestock number and income for the highest in this group. The livestock increases are relatively higher in the unconstrained lease scenario than the unconstrained community scenario. The demand for labor increased in the community scenario due to the many transactions and coordination needed in the communal production system. The lease scenario also allowed more flexibility for private land allocation due to increased supplies of community forest resources. The household income increase of the medium income household group was higher in the Banshkharka-like groups where private landholdings are smaller and per household community forest sizes are relatively larger.
Livestock holding has a direct effect on household income levels. (NPC, 2003) . This income level is based on the requirement for minimum calories and other basic nonfood items. Therefore, there is a great challenge to increase their income to meet their needs. Table 5 is near here and 72% (average of 46%) under the unconstrained community use policy, and between 44 and 125% (average of 81%) under the unconstrained lease policy. The average income increase for medium income households is 17% under the unconstrained community use policy, and 27%
Alternative Polices and Household Income
under the unconstrained lease policy. For high-income households, incomes were only marginally increased, and for two-thirds of the CFUGs there was effectively no change. Table 6 is near here
The role of the policy factor was remarkable on livestock holdings and incomes. Under the base case, forestland use was constrained to timber production and with limited harvesting at policy dictated levels (30% mean annual increment for hardwood species and 60% for softwood species). That resulted in lower numbers of livestock holdings and lower levels of incomes.
Under the unconstrained community and unconstrained lease scenarios the land use policy was unconstrained for fodder tree-based agroforestry systems. The results from the agriculture and forestry integrated model, developed using the income maximization principle, showed that fodder production for livestock farming was the most profitable community forestland use. The agroforestry system increased forage availability to feed livestock which contributed to household income. Under the condition with relaxed policy constraints the increases in fodder production also increased firewood supplies, which reduced land dedicated to firewood production increasing land dedicated to fodder production. The income in the community account decreased in the base case in all CFUGs except Banshkharka. This was due to the fact that alternative policy scenarios allow communities to produce non-timber products, which generate lower income in the community account but generate greater incomes for households.
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Current policy limits production to timber products, which fetch higher prices and result in more income in the community account. However, the overall effect was an increase in total community income with the alternative policies.
CONCLUSIONS AND POLICY IMPLICATIONS
One of the objectives of this study was to investigate the impact of environmental conservation access to alpine pastureland (accounting for 10% of the national area) will almost cease. This, in turn, has further implications for future food security in remote and institutionally disadvantaged localities because cattle provide income for livelihoods, farm power for ploughing and manure for fertilizer.
Environmental policies have affected Nepal's livestock supply countries (India and China). The public lands traditionally used for livestock grazing are also getting forested at high rates (FAO, 2005) . In many Indian rural communities the livestock populations are already affected by forest conservation policies (Hazari and Kumar, 2003; Prasad et al., 2003) as is the situation in China (Cao et al., 2009 ). In addition, the demand for livestock is increasing in these countries. All the above factors are likely to contribute to higher future prices for livestock products and to further reduce consumption of animal products, particularly for poor households in Nepal. Therefore, the government and international agencies need to implement alternative forest policies that provide livelihoods for poor people and maintain environmental quality.
Another objective of this paper was to investigate whether it is possible to improve food security and increase incomes for poor people through alternative policies in community-based resource management, while maintaining environmental outcomes. The study did this by investigating the impact of current forest policy on livestock holdings in different household income groups in CFUGs in Nepal using a linear-programming approach. Two alternative management policies were examined, one representing an agroforestry model for community forests while maintaining community (common) production, and the other representing a lease model where community forest land is leased to individual households to manage like private land under agroforestry systems. The results of the analysis of the impact of alternative policies shows that livestock numbers and community income can be increased when the current forest policy is changed from a timber orientation to an agroforestry land use system. Both policies increase household livestock holdings and income, primarily for low and medium income households, while still maintaining the required environmental outcomes. This in turn provides greater food security. The unconstrained lease policy provides the greatest increase in income. The results
show that both government policies and global environment conservation policies can become obstacles to increasing incomes and providing food sufficiency for rural households.
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This study did not evaluate the impact of payment for ecosystem services of local forests on incomes and food security. That is a subject for future study. Future studies involving community management of resources in a developing country context should focus on evaluating environmental services outcomes under alternative agroforestry policies. The use of sustainable agroforestry systems may give policy makers a greater range of alternatives for meeting both economic development and environmental outcomes. As this paper also shows, the impacts of agroforestry policies are potentially greatest for the most vulnerable, who have a greater reliance on forest resources, and are thus potentially an important tool in combating rural poverty. Note: Negative E means over-prediction, positive E means under-prediction Agriculture and forestry production systems can produce more than one product at a time (Amacher et al., 1993; Mahat et al., 1987) . Like other linear programming-based studies (e.g., Das and Shivakoti, 2006) , it is assumed that the marginal product is constant. Land is defined as k different categories, in this case upland, lowland, sharecropping, grassland, and forest. Land available to a household includes land that is owned by a household and land that is held under sharecropping. Each land category has distinct properties in terms of production systems for different outputs. Output of any good i under production system t on land type k is a function of yield per unit area (Ritk) and the area of land type k allocated to a particular production system by a household (atk). Products may be a single output from a production system or by-products.
The outputs range from cereal and livestock to forest products. Total output of any particular good by a household (qi) is then a function of how much land of various types the household allocates to different production systems.
The land areas used under different production systems for a particular land type cannot be greater than the endowment of that land type (Eq. A.2). Both output and land use are subject to nonnegativity restrictions (q i and a tk  0).
One of the uses of land and labor can be livestock farming. Fodder, grasses and crop by-products can be used as feed for livestock. Because of differences in nutritional values of products, feed production is standardized into total digestible nutrients per unit of output i (λi In a subsistence agricultural household, household labor contributes to production from the perspective of entrepreneur, manager and laborer (Taylor and Adelman, 2003; Bardhan and Urdy, 1999) . Labor supply can come from the household, or be hired from outside. Household labor requirements for a particular output will be either a function of the area of land type k allocated to a particular production system t by a household (atk) and labor hours required per unit area (ha tk), or a function of output (qi) and harvest productivity for that good (hv i). Total household labor required on the farm (Lf) is then the sum of area-based labor requirements and volume-based labor requirements, 
The amount of hired labor (Lh) required is a function of total available family labor days (L), labor required on the farm (Lf), leisure days (L0), days spent working off the farm (Lm), and days contributed to community forestry (Lc).
In some cases, purchased inputs may be required by a household for a particular output. These may be a function either of the area under production or the quantity of output. Area-related costs depend on the input cost per unit area of land type k allocated to a particular use t by a household (Stk) and the area allocated to that use (atk). When input costs are related to output then the cost depends on the costs per unit output for that good (Si) and amount of output (qi) in Net income from producing output (D) is the difference between revenue and costs. All household output is valued at the farm gate price of that output (Pi s) irrespective of whether it is consumed by the household or is surplus to household needs and is sold. For simplification, only labor that is hired (Lh) is accounted for as a cash cost. Hired labor is paid a daily wage rate (w).
The household also needs to pay rent (δk) for sharecropping and leasing community forest of land type k (ak L). The rent could be a positive cashflow for households who lease land to others for sharecropping.
Net household income (y) includes net income from producing output (D), external income from providing labor (Lm) to the labor market and earning a wage rate (w). It is assumed that a household will either earn outside income (Lm) or employ outside labor (Lh), but will not do both. A household's consumption of goods comes from its own production and from market 
Policy and Community Forest Management
To a large extent, the community forest can be treated as another household in the community, and its income can be calculated the same as for any other household (e.g., Eq A.8 and accompanying equations). There are, however, some important differences. The production systems of community forestlands are generally similar to private land, except that no cereal production occurs since this requires clearing land of forest and possibly terracing. The community forest has two output markets instead of one, since some of the output can be sold to member households at the special community price (Pi c), and the remainder sold at farm gate prices (Pi s). The labor supply for the community forest comes from mandatory labor contributions from member households mentioned previously (Lc), and from hired labor. The main difference between production on community forest and private land is that government and community policies affect what kinds of production take place and how that production occurs. In particular, while communities in principle have control over the use of their forests, the government enforces restrictions on use to meet national or international policy objectives (e.g., meeting climate change commitments, reducing erosion). In one common policy, a proportion of community forest of land type k may be restricted from any use (G 1 k). Depending on the policy, G 1 k can range from 0 (no restrictions) to 1 (all community forest land of type k restricted from use). Another common policy is for the government to constrain production levels below maximum output (G 2 i). An example of this is the policy of restricting timber harvest to a proportion of the mean annual increment of the forest (MAI). Under normal forestry practices, sustainable management means harvesting an annual volume equal to the MAI. The
